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(57) Abstract 

A process and apparatus for the production of hydrogen peroxide directly from hydrogen (50) and oxygen (40) utilizing a 
pipeline reactor (54) for establishing a reaction zone for the reaction of these gases within an acidic aqueous solution, is disclosed. 
The reaction zone is completely filled with the solution and a reaction mixture is formed by dispersing hydrogen gas and oxygen 
gas in the solution in proportions above the lower flammability limit under control conditions resulting in the formation of hy- 
drogen peroxide. This reaction mixture is maintained until the proportion of hydrogen has decreased to below the lower flamma- 
bility limit for the gas mixture. The hydrogen peroxide is then removed from the reaction zone. The reaction of the hydrogen and 
oxygen in the solution is conducted under plug-flow conditions. 
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TITLE 

W nn BBB MID »P>MTMfl FOR THE P RODUCTION S£ 
HYDROGEN PpPQWDE F ° " M HYDROGEN AND OXYGEN 



yTttT.n AND htbtobiOVL M mcBROnMD OF THE INVENTION 

This invention relates to a catalytic process for producing 
aqueous hydrogen peroxide safely from gaseous hydrogen and oxygen 
at a concentration above the lower flammability limit, and more 
particularly, it relates to such process which provides for the 
continuous production of an aqueous stream containing useable 
concentrations of hydrogen peroxide and an effluent gas stream 
containing residual hydrogen and oxygen at concentrations outside 
the flammable and explosive limits for hydrogen and oxygen 
mixtures . 

The production of hydrogen peroxide by the direct reaction 
of hydrogen and oxygen in aqueous solution in the presence of a 
catalyst appears to have been first disclosed in 1914 in Hinkel 
et al, U.S. Patent No. 1,108,752, and has been the subject of 
numerous patents to the present. 
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over the years it has become well established that the 

- * reaction is best conducted at relative partial pressures of 

oxygen to hydrogen of at least 2/1. and that the selectivity of 

' * the reaction to produce hydrogen peroxide (rather than water) 

5 increases with increasing oxygen to hydrogen ratios. For 

example, U.S. Patent No. 4,009,252 discloses reacting hydrogen 
with oxygen in an aqueous medium using selected concentrations of 
a platinum-group catalyst and partial pressures of hydrogen and 
oxygen of at least 0.5 atmos. and 1.0 atmos., respectively, at 

10 oxygen/hydrogen ratios of 1.5 to 20/1, and preferably 2/1 to 

10/1. U.S. Patent No. 4,336,239, which relates to continuous as 
well as batchwise production of hydrogen peroxide from hydrogen 
and oxygen, discloses that it is preferred to carry out the 
process at oxygen/hydrogen ratios of above 5/1, with 12/1 and 

15 15/1, as being generally more preferred ratios. 

The reaction of hydrogen and oxygen to produce hydrogen 
peroxide is not without danger, however, since mixtures of 
hydrogen and oxygen are flammable, even explosive, at hydrogen 
concentrations above 5%, the lower flammability limit, which 
corresponds to oxygen/hydrogen mole ratios of 20/1 and below, and 
includes the generally preferred oxygen/hydrogen operating 
ratios. Accordingly, to minimize the risk of explosion or fire, 
the art also teaches the use of a diluent gas, such as nitrogen, 
helium, neon or argon, as disclosed in U.S. Patent Nos. 4,009,252 

25 and 4,661,337. 

It has also been proposed to employ oxygen/hydrogen ratios 
that are well outside the flammable and explosive limits. U.S. 
Patent No. 4,681,751, for example, discloses that it is. preferred 
to employ oxygen/hydrogen ratios of 20/1 or higher to avoid the 

30 danger of explosion during continuous process runs. Similarly, 

U.S. Patent No. 4,336,239, cited above, states the reaction can 
be carried out at oxygen/hydrogen ratios of 23/1-40/1 which are 
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outside the limits of flammability and prevent an explosion 
hazard without requiring an inert diluent gas. Although 
providing a measure of safety, the use of inert gas diluents and 
high oxygen/hydrogen ratios are disadvantageous expedients. They 
result in unnecessarily high reaction pressures which necessitate 
the use of more costly high-pressure equipment. Further, 
oxygen/hydrogen mole ratios in excess of about 10/1 provide 
little or no improvement in the selectivity of the reaction to 
produce hydrogen peroxide. 

continuous operation of the direct combination process is 
highly desirable for the production of hydrogen peroxide. 
Continuous modes of operation described in the art, however, are 
not entirely satisfactory from a commercial standpoint. U.S. 
Patent No. 4,279,883 describes a continuous process involving a 
stirred tank reaction system having a gaseous zone and a liquid 
zone, means for feeding reactant and diluent gases, means for 
feeding an aqueous liquid reaction medium containing dispersed 
metal catalyst, and means for the continuous removal of a spent 
g as composition and an aqueous liquid reaction product. Example 
1 of the .883 patent shows the use of a gaseous feed mixture 
consisting of hydrogen, oxygen, and nitrogen at partial pressures 
of 5 atms., 49 atms., and 113 atms. , respectively, corresponding 
to a nitrogen diluted oxygen/hydrogen ratio of 9.8/1: 

The disclosed continuous process suffers in utilizing a 
relatively large ratio of nitrogen to the reactant gases which 
adds to the cost of the operation. It has also been found that 
in a stirred tank system, as above, dispersed metal catalyst 
tends to adhere to and creep up the walls of the reactor and the 
stirrer shaft into the gas zone where it can become exposed 
directly to the reactants in the gas phase. Should the catalyst 
dry out during the course of the reaction, there is the ever 
present danger that, in the absence of a diluent gas, the dry 
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catalyst would catalyze the ignition of the hydrogen peroxide gas 
phase mixture. Thus, it is clear that prior art has employed 
diluent gas to guard against the possibility of fire or explosion 
during the exemplified continuous process. 

The U.S. Patent 4.336.239, cited above, discloses a 
continuous hydrogen peroxide process conducted in a tower 
reaction packed with catalyst and equipped with means for upward 
concurrent feed of hydrogen peroxide and reaction solvent. At 
the top of the reactor, there is a device for the removal of 
liquid samples, means for transferring the reactor effluent to a 
liquid gas separator, means for venting spent gaseous effluent 
and means for introducing a diluent stream of nitrogen. The 
patentees describe a series of runs in Examples 3, 4 and 5 
utilizing hydrogen and oxygen over a wide range of 
oxygen/hydrogen ratios, i.e., from about 2.9/1 to about 30/1. 
Example 4 exemplifies oxygen/hydrogen ratios of 23/1 to 30/1, 
which are outside the limits of flammability or explosion. 

It will be noted that the concentrations of hydrogen 
peroxide in the resulting liquid effluent are relatively low, 
ranging from 0.14 to o.vo molar or about 0.5 to 2.4% by weight 
of the effluent. The composition of the spent gas vented from 
the gas-liquid separator is not described. The hydrogen peroxide 
production results, however, indicate that the residence time of 
hydrogen and oxygen in the tower reactor is insufficient to 
substantially lower their concentrations in the liquid reaction 
m edium, so that where oxygen and hydrogen are fed to the reactor 
in ratios that are initially in the flammable-explosive range (as 
in those runs of Example 3 that do not employ a diluent- as) , 
these reactant components are still in the flammable-explosive 
range in the spent gas vented from the gas-liquid separator. 
This is further suggested by the presence of a diluent nitrogen 
feed means at the top of the lower reactor so that nitrogen can 
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be fed to the gas-liquid separator as needed to maintain a "safe- 
gas composition in the gas zone of the separator and in the gas 
vented therefrom. This is still further suggested by (a) Example 
3 run C which shows the use of oxygen-enriched air to provide a 
nonflammable hydrogen-containing feed composition, and (b) 
Example 4 which used oxygen/hydrogen feed ratios outside the 
limits of flammability or explosion. 

The '239 process also suffers the disadvantage of involving 
liquid reaction media composed of or containing substantial 
proportions of organic solvents. These solvents not only add to 
the cost of the operation but result in hydrogen peroxide 
solutions having limited utility and marketability. Further, the 
organic components present the hazard of explosive peroxide 
buildup as disclosed in U.S. Patent Nos. 4,009,252, 4,681,751, 
4,772,458 and 4,389,390. Although, as stated earlier, effluent 
gas containing unreacted hydrogen and oxygen can, if necessary, 
be rendered nonflammable and nonexplosive by use of diluent gas 
or excess oxygen, such uses only add both to the investment and 
operating cost of the process. 

It is also known to conduct hydrogenation reactions, 
including for the production of hydrogen peroxide in the cyclic 
anthraquinone hydrogenation and oxidation process, in pipeline 
reactors, as disclosed in U.S. Patent Nos. 3,423,176 and 
4,428,923. The former reactor involves a plurality of upwardly 
directed elongated spaces (tubes) of smaller diameter alternately 
connected in series with a plurality of downwardly directed 
elongated spaces of larger diameter, the reactants being passed 
concurrently upwardly through the smaller diameter tubes and 
downwardly through the large diameter tubes. The above reaction 
system is not entirely satisfactory for the pre— nt purpose as it 
appears limited to relatively low flow velocities, i.e., up to 3 
meters/second or about 9.9 feet/second. 
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More importantly. a S pointed out in the -923 patent, phase 
separation of the gases/liquid reaction mixture can occur under 
certain conditions avoided in the hydrogen-oxygen reaction 
system, since oxygen would be present along with hydrogen in the 
separated gas phase, thus creating an explosion hasard within the 
reactor. 

The -923 patent pipeline process is directed to the 
production of a hydrogenated anthraguinone intermediate to 
hydrogen peroxide. It utili.es a loop reactor made of tubes with 
the same nominal width, arranged vertically or horizontally and 
connected by curving tubes (elbows,. The reactor length varies 
from 15 to 150 meters (about- 50 to 500 feet,, the inside diameter 
f rom about 350 to 700 mm (about 13.8 to 27.6 inches,. Reaction 
flow velocities are greater than 3 and up to 10 meters/second 
(greater than about 9.8 and up to about 32.8 feet/ second , , 
preferably 4 to 7 meters/second (about 13 to 23 feet/sound, . 
such apparatus and process are designed, however, to eliminate 
pressure losses from the tube expansions and contractions in the 
. 176 patent and to thereby increase reaction liquid flow velocity 
and consequently the production of the desired hydrogenated 
anthraquinone. Patentees provide no teaching relative to the 
direct combination of hydrogen and oxygen to form hydrogen 
peroxide or the problems of hydrogen-oxygen flammability 
associated with the direct combination process. 

natPnTII AMD P««MAPV OF TBB TNVEKTIOH 

It is, therefore, the principal object of this invention to 
provide an improved catalytic process for the preparation of 
hydrogen peroxide from hydrogen and oxygen in aqueous solution 
which involves the use of hydrogen and oxygen in feed ratios that 
are in the flammable/explosive range and result in a spent gas 



SUBSTITUTE SHEET 



xo 



15 



20 



25 



30 



WO 92/04277 W PCT/US91/06373 

-7- 

stream that contains unreacted hydrogen and oxygen in 
concentrations outside the flammable and explosive limits. 

Another object of this invention is to provide a safe 
process that produces aqueous hydrogen peroxide in high 
concentrations at high selectivity. 

Still another object of this invention is to provide a high 
yield hydrogen peroxide process which includes recovering the 
spent gas stream containing unreacted hydrogen and oxygen and 
recycling it to the reaction zone along with make-up hydrogen and 
oxygen, as necessary, to provide oxygen to hydrogen ratios in the 
desired range. 

Yet another object of this invention is to provide a cyclic 
process which includes recycling at least a portion of the 
aqueous hydrogen peroxide product solution to the reaction zone 
to obtain in the aqueous effluent containing a still higher 
concentration of hydrogen peroxide than the previous aqueous 
effluent. 

The above objects of the invention are achieved by the novel 
process for the preparation of hydrogen peroxide from hydrogen 
and oxygen, which process comprises establishing a reaction zone 
fo- effective reaction between hydrogen and oxygen to form 
hydrogen peroxide, substantially completely filling the reaction 
zone with an acidic aqueous solution suitable for effecting said 
reaction of hydrogen and oxygen, providing in said reaction zone 
in contact with said aqueous solution a catalytically effective 
amount of a catalyst for the hydrogen-oxygen reaction, forming a 
reaction mixture by dispersing hydrogen gas and oxygen gas in the 
acidic aqueous solution in proportions that are above the lower 
flammability limit for hydrogen and oxygen at a temperature and 
pressure sufficient to result in the formation of hydrogen 
peroxide, maintaining the reaction mixture at said temperature 
and pressure until the. proportion of hydrogen in the reaction 
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fixture has decreased to below the flower flammability limit for 
hydrogen and oxygen mixtures, removing aqueous hydrogen peroxide 
solution with its residual dispersed gas content from the 
reaction zone and allowing it to separate into a spent gas phase 
containing hydrogen and oxygen in proportions below the lower 
flammability limit and a liquid phase containing hydrogen 
peroxide and separating the liquid hydrogen peroxide phase form 

the spent gas. 

Another preferred embodiment of this invention is a 
continuous process which comprises conducting the reaction of 
hydrogen and oxygen in the acidic aqueous solution in an 
elongated reaction zone, preferably a tubular one such as a 
pipeline reactor, under plug flow conditions. 

Still another embodiment of this invention is a cyclic 
continuous process which comprises conducting the reaction of 
hydrogen and oxygen in an elongated tubular reaction zone, as 
above, recovering the spent gas and recycling it to the reactor 
along with make-up hydrogen, make-up oxygen in quantity 
sufficient in proportion relative to that of oxygen to below the 
flammability limit, and make-up acidic aqueous solution and 
catalyst as needed in the production of hydrogen peroxide. 

Still another embodiment of this invention is staged 
addition of hydrogen along the length of the pipe to achieve 
greater total conversion of oxygen per pass through the pipe 
thereby reducing the volume of gas that must be recycled to 
achieve better economics. 

nnr pp nRflCRI P ? '™ ^ OF THB DRAfflUflS 
The above and other objects and advantages and novel 
features of the present invention will become apparent from the 
following detailed description of the invention illustrated in 
the accompanying drawings, in which i 
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Figure 1 is a schematic representation of one embodiment of 
the invention which comprises conducting the reaction between 
hydrogen and oxygen dispersed in a suitable reaction medium in 
the presence of a catalyst in a pipeline reactor; and 

Figure 2 schematically depicts a preferred embodiment of the 
invention which comprises conducting the process in a cyclic 
continuous manner in pipeline reactor system as in Figure 1, but 
which includes means for recycling spent gas from the gas-liguid 
separator to the pipeline reaction zone along with make-up oxygen 
added to the spent gas in the gas-liquid separator. 

nwTATIiED DF ^PTPTIOM ™, Tf"5 TMVEMTIOM 

The invention takes advantage of the fact that the ignition 
of dispersed gaseous hydrogen and oxygen, even in explosive 
proportions, does not propagate through a liquid medium. Thus, 
in accordance with the invention, hydrogen and oxygen can be 
employed safely in flammable and explosive proportions by 
maintaining the hydrogen and oxygen gases dispersed and 
preferably separately dispersed in the liquid reaction medium in 
the substantial absence of a continuous free vapor space above 
the liquid. 

A substantially absent vapor phase condition can be achieved 
in accordance with the invention by substantially completely 
filling the reaction zone with a liquid reaction medium so that 
essentially no free vapor space exists in the reaction zone. 
Thus, the catalyst for the hydrogen peroxide reaction, is 
maintained wet with liquid at all times at least until the 
reaction has proceeded to the extent that the proportion of 
hydrogen in the reaction zone has decreased to below the lower 
flammability limit, i.e., below about 5.5 mole % of hydrogen 
based on the total residual hydrogen plus oxygen content, and 
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preferably to b.lov «.5.. end .or. pr.eer.bXy bo below .bout 3*. 

for added measure of safety. 

The procee. 1. preferably conducted 1„ . contiuuou. eannnr 
in en elonc.ted. pr.fer.bly cylindrical r..ct=r. .uch .. . 
pipeline. The egueou. .olution ie f.d und.r plug-flo. condition. 
e„ a. to avoid or »lni»l« becbeixln, .Ithln tb. reactor mixture. 
The preferred pipeline reactor Xength can ..ry -idely. but 

preferably fro. about ,00 to 1*00 feet, .ore preferably fro. 
, bout 4 „o to 1,00 fe.t. end ebould be eub.t.nti.lly gr.at.r tb.n 
it. maid. die».t.r. Tb. ineid. di.»t.r ie preferebly conetant 
elon, tb. reection .one Xength end c.n renge fro. .bout 1 to „ 
inch... pre.er.bly fro. .bout , to 2. incb... -»d -« P"««'»* 
free .bout e to 1, incb... Tb. retlo of tb. pip.lin. x.n,th to 
Xnei*. di.~t.r, botb tehee in inohe.. .111 nor..lly very fro. 
about 25/X to 10.0/1. preferebly 25/1 to 500/1. end .ore 
pr.f.r.bly 25/1 to 150/1 to facilitate ..lnt.nenc. of plug-fXo. 
condition., to olio. tb. hydrogen and oxygen to r..ct to tb. 
a..ir.d .xtent y.t not b.v. exc.ee. »nutlll..d Xength wbicb .dd. 
to proc... inv.st.ent .1th no corre.pondin, benefit. 

The flo. velocity of tb. egueou. .olution end of tb. 
S ub..gu.ntly for..d r..ctio„ .i.ture .1th it. dl.per.ea hydro,.. 
.„a oxygen c.n v.ry .idely -nd. for a no.in,l 2 inch X D 

pipc . it nor«.lly will ran,, frc. .bout 4 to X*. preferebly 
X, f t./.ec. . depending on tb. ccpcltion of tb. a,oeo». 
eoxotion. the particoX.r c.taXy.t and it. conc.ntr.tion. the 
reaction t..p.r.tur. end the di.eneion. of tb. pipeline reactor 
and tb. .P.cif ic de.i,n of the inlet ga. .parg.r. u.ed. Whatever 
the proce.. condition., .olution, catelyt. t..p.r.ture. .tc. 
the f xo. v.locity .hould b. coordinated .1th' the di..n.ions of 
the pip.lin. .o that th. hydro,., end oxygen crrled i. th. 
reaction .ixture cen react tc th. de.lred extent beiore it i. 
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discharged from the reactor. The process can also be conducted 
batchwise In a stirred tank reactor, provided the reaction 
mixture of gases dispersed in liquid reaction medium is held in 
the substantial absence of a free vapor space above the reaction 
mixture until the hydrogen concentration of the dispersed gases 
has fallen to below the lower flammability limit. 

The partial pressure of hydrogen and the partial pressure of 
oxygen may vary widely but preferably are such as to provide 
super-atmospheric pressures in the range of about 200 to about 
4000 psia, preferably about 400 to about 2500 psia, and more 
preferably about 800 to about 1400 psia, these pressures being 
the same as the partial pressure of the gases dispersed in the 
liquid medium. The proportion of hydrogen in the initial charge 
of hydrogen and oxygen taken together will be greater than the 
lower flammability limit and, normally, will amount to about 6 to 
12 mole %. in other words, the ratio of the partial pressure of 
oxygen to the partial pressure of hydrogen will be about 16/1 to 
about 7/1, preferably about 13/1 to about 9/1. If desired, an 
inert gas may be employed in addition to the essential hydrogen 
and oxygen reactants, but is not needed for safety of operation, 
provided that the conditions of the invention process are 
maintained throughout the reaction between hydrogen and oxygen in 
the presence of the catalyst. The reaction temperature normally 
is in the 0* to 50 'C range, and more usually 10* to 30 *C for 

reasons of economy. 

The reaction medium is aqueous, preferably acidic with 
typical hydrogen in concentrations in the range of about 1 x 10* 
to 2M, and preferably substantially free of organic components. 
Typical acids imparting acidity are one or more of hydrochloric 
acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric 
acid and hydrochloride acid, with sulfuric acid and phosphoric 
acid preferred. Preferably, the aqueous solution contains 
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bromide ion as a promoter, e.g., as hydrogen bromide, sodium 
bromide or other soluble bromide, or a compound hydrolyzable or 
reducible to bromide ion, as disclosed in U.S. Patent Nos. 
4,681,751, 4,772,458 and 4,889,705, which patents are 
incorporated herein be reference for their disclosures of 
suitable acidic aqueous solutions in the production of hydrogen 
peroxide from hydrogen and bxygen in the presence of a suitable 
catalyst. 

The catalyst is normally palladium, platinum or palladium- 
platinum, although other Group VIII metals effective to catalyze 
the formation of hydrogen peroxide from hydrogen and oxygen may 
also be employed in catalytically effective amounts. -Palladium 
and composite palladium-platinum catalysts are preferred. Where 
palladium-platinum is used, the weight ratio of platinum to 
palladium + platinum is preferably in the range of about O.01 to 
about 0.5, more preferably about 0.02, as disclosed in U.S. 
Patent No. 4,832,938. The metal or metals may be provided as one 
or more compatible salts, or as free (zero valent) metal, 
including colloidal, or other forms known in the art. 

The catalytic metal or metals may be unsupported or carried 
on a support, suitable supports include various forms of carbon, 
silica, alumina, silica-alumina, titania, ion exchange resins and 
others known in the art. The catalyst is normally a supported 
catalyst in particulate form slurred in the aqueous reaction 
liquid; alternatively, it may be disposed in the reaction zone as 
a fixed bed or as an adherent coating on the walls of the 
reaction zone. The acidic aqueous solution may also maintain 
other components known in the art for promoting the production of 
hydrogen peroxide or to prevent its decomposition during the 
course of the reaction. Exemplary are sequestiant type 
stabilizers for hydrogen peroxide, notably those based on 
phosphorus, as disclosed, for example, in U.S. Patent No. 
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3,336,112 (Col. 1, lines 13-6Q) and U.S. Patent No. 4,009,252 
(Col. 4, lines 49-53). Preferred are the well-known phosphorate 

based stabilizers for hydrogen peroxide disclosed in U.S. Patent 

No. 4,070,442 (Col. 2, lines 45-57). 

5 

pP»"»TUH AMD O PERATION 
The invention process will be better understood with 
reference to Figures 1 and 2. In a typical straight-through 
continuous operation in a representative Figure 1 apparatus, an 
10 aqueous acidic solution containing a 0.05N to 0.5N mixture of 

sulfuric acid and phosphoric acid, 5-50 ppm of bromide ion, as 
sodium bromide, corresponding to about 6 x 10* to 6 x 10 < molar 
Br-, and 0.2-2.0 weight % of a particulate 1-5% palladium on 
silica or alumina catalyst is fed into a 2 inch I.D. by 300 foot 
long pipeline reactor 10 through line 12 and pump 14 at a liquid 
velocity of between about 4 to 18 feet/second, oxygen gas from 
line 16 is spraged into the aqueous solution as a fine dispersion 
of bubbles with the aid of compressor pump 18 at a point 
downstream from the aqueous solution feed point. Hydrogen gas is 
simultaneously spraged and dispersed into pipeline 10 via line 20 
and compressor pump 22 at a feed point just downstream from the 
oxygen entry point. The resulting reaction mixture moves along 
the pipeline in plug flow. The partial pressure of oxygen is 
typically about 900-1100 psia and that of hydrogen is about 80- 
25 120 psia, so that the hydrogen concentration at the pipeline 

inlet is between 7 and 9% of the total, corresponding to 
oxygen/hydrogen mole ratio of between about 13.3/1 nad 10.2/1. 
The temperature of the reaction mixture is maintained at 10-30* C 
with a heat exchanger, not shown. 
30 A8 the reaction mixture flows plug-like through the pipeline 

reactor, molecules of hydrogen and oxygen, driven by their 
respective partial pressures within the dispersed bubbles of 
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these gases, pass across the gas-liquid interface into the 
solution where they react in the presence of the catalyst to form 
hydrogen peroxide. Thus, hydrogen and oxygen are gradually 
consumed and hydrogen peroxide is gradually produced, resulting 
5 in concentration gradients of the reactant gases along the length 

of the pipeline, ranging from high at the hydrogen gas feed point 
to low at the reaction mixture disadvantage point at the gas- 
liquid separator 24. Similarly, there is also a hydrogen 
peroxide concentration gradient ranging from low to high as the 

10 reaction mixture plug-flows through the pipeline from the 

hydrogen feed point toward the discharge point at the separator 
24. At that point, the aqueous reactor mixture, depleted in 
reactant gas and rich in reaction product, empties into the gas- 
liquid separator where it separates into the gas zone 26, and the 

15 liquid zone 28. Spent gas, typically containing about 2-3% 

hydrogen and 90-97% oxygen, corresponding to oxygen/hydrogen mole 
ratio of about 24/1-34/1, outside the flammable and explosive 
limits, leaves the gas zone 26 through the line 32. The liquid 
portion of the reaction mixture containing hydrogen peroxide and 
suspended catalyst is drawn off through the line 34, filter 36 
(to remove catalyst) and recovered through the line 38. The 
recovered solution from a typical single pass operation normally 
contains less than 1% by weight hydrogen peroxide. 

To produce higher hydrogen peroxide concentrations in the 

25 Figure 1 apparatus, a portion of the liquid from the gas-liquid 

separator 24 can be recycled to the pump 14 inlet, 
concentrations in excess of 1 wt% hydrogen peroxide typical of 
operation with no recycle can be made in the Figure 1 apparatus. 
The Figure 2 apparatus exemplifies a preferred mode of 

30 operation which is cyclic and continuous, and involves recycle of 

spent gas and at least a portion of the hydrogen peroxide- 
containing liquid phase of the reaction mixture to the pipeline 
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reactor to minimize consumption of ingredients, thereby making 
the process more economical.. In this mode, oxygen gas is first 
fed from the line 40 to the gas zone 42 of the gas-liguid 
separator 44, having a liquid zone 46 where it mixes with the 
residual mixture of hydrogen and oxygen (consisting largely of 
oxygen) from a previous cycle, and the gas mixture is conveyed 
via compressor pump 48 and line 49 to the pipeline 54. Fresh 
hydrogen gas is fed through line 50 and compressor pump 52 into 
the pipeline 54, as was the case for pipeline 10 in Figure 1. 
Acidic aqueous solution, whether fresh as described in Figure 1 
or reaction mixture containing hydrogen peroxide being recycled, 
is fed via the line 56, pump 58, through a heat exchanger 60, 
which controls reaction mixture temperature, line 62, candle 
filter 64 and the exit line 66 into reactor 54 at a point 
upstream from the points of entry of the oxygen and hydrogen 
reactants. Reaction mixture free of dispersed gases and 
suspended catalyst can be removed from the loop, as desired, 
through line 68 leading from filter 64. Make-up aqueous 
solution, with our without added catalyst, can be added through 

line 70 as needed. 

By such cyclic continuous process, using conditions more 
specifically described for the Figure 1 operation, aqueous 
solution can be recovered containing higher and higher 
concentrations, typically 5 to 20% by weight hydrogen peroxide, 
depending on the number of recycles of reaction mixture liquid 
employed. 

The invention rocess, whether operated as described in 
connection with Figure 1 or Figure 2, is amenable to automated 
control of its vital functions and steps, including feed of the 
hydrogen and oxygen gases and the monitoring of the concentration 
of hydrogen relative to that of oxygen in the pipeline so that 
the reaction mixture with its dispersed gases is maintained in 



SUBSTITUTE SHEET 



WO 92/04277 PCT/US91/06373 

-16- ' , 

the pipeline in the absence of a free vapor space and is not 

discharged into the gas-liquid separator until the hydrogen 

concentration is below the lower flammable limit- To ensure 

operation safety, the automated system is equipped with an 

interlock system which prevents the hydrogen content of the gas 

volume in the gas liquid separator from exceeding 4.0% by volume. 

EXAMPLE 1 

The apparatus of Figure 1 was run with liquid recycle to 
build hydrogen peroxide concentration but without spent gas 
recycle. Spent gas was vented. Fresh water feed was set so as 
to produce approximately 5 wt% hydrogen peroxide in the reactor 
effluent. About 0.95% palladium + 0.05% platinum bimetallic on 
silica support catalyst was used with the control range on 
bromide set at 6 x 10 s M to 6 x 10 4 M. The control range on 
acidity was set at 0.035 M - 0.07 M hydrogen ion concentration. 
A 9.0 vol. % hydrogen at the inlet condition was successfully 
run. Other parameters were set as the following: 

Temperature , # C 25 

Pressure, psia 1000 

Gas volume % in pipe 3.8 

Line velocity, ft/sec 4.1 

Pipe Inlet, vol % hydrogen 9.00 

Pipe Exit, vol % hydrogen 0.15 

Weight % catalyst . 0.4 

Hydrogen Conversion, pph 0.41 
Weight % hydrogen peroxide 5.2 

EXAMPLE 2 

5% palladium on alumina catalyst was added to the apparatus 
described in Figure 2 with both liquid and spent gas recycle 
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u „d. control r.n„o on brooid. .ss .eft 6 x io- 
M. The control r.noo on soidity ... ~t .t 0.039 M - 0.07 M 
„vdroo.n ion oonoontrstlon. Tsoporsturs, prsssors, go. 
c „„positio„ .nd rsoycl. rot., ostslyst oonosntrstlon .no flo. 
vsloolty .or, v.riod with th. rosolt. oho™ in th. follo.in, 
tsbls. Hydro,.. oono.ntr.tion. in exo... of t h = lo»er fl.™»bl. 
ii.lt ..rs successfully ron .t th. pip. inl.t undor .11 t..t 
conditions. 

. c XO 15 15 20 20 25 

Temperature c 

. 12 00 1200 1000 1200 1200 12O0 

Pressure, psia 

Gas volume * in pipe 9.5 8.9 10.5 8.9 4.4 8.5 

Ll „e velocity, ft/sec 14.2 14.3 12.2 7.1 14.8 14.0 
Pipe Inlet,vol%hydrogen 6.75 6.50 6.50 8.00 7.50 8.00 

-> « -> ofi 3-O0 3.06 2.60 2.43 

Pip. Exit, vol thydrooen 3.93 J .oo 

Height . c.t.ly.t »•* » = •■• 06 ••• 

Hydrogen oonv.rsion.pph 1.56 1.67 1.39 1.1« 1» *« 
„.ight%hydrog.n p.roxld. 15.1 13.3 >-3 »-3 9.7 12.9 

whil. thi. invention ha. beon do.orihod .. heving pr.f.rr.d 
designs, it is ondorstood th.t it is o.p.bl. of further 
.odifiction.. us.s .nd/or sd.pt.tion. of th. invention snd 
£ ollo.in, in g.ner.l the prinoipl.s of th. invsntion snd 
including soch dopsrture. fro. th. pr..ont disolosuro co.e 
.ithin Known or oostoo.ry pr.otio. in tho .rt to »hioh th. 

pr...nt invsntion psrt.i o ss ssy h. spplis* « csntr.l 

Iturs. h.r.inb.for. sot forth, snd 1.11 .ithin tho soopo of 
invention or tho limit, of tho clsio. sppsndod horoto. 
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1. A process for preparing hydrogen peroxide by reaction of 
hydrogen and oxygen in the presence of catalyst, comprising the 
steps of: 

(a) establishing an elongated reaction zone for effecting 

reaction of hydrogen and oxygen to form hydrogen peroxide; 
(b , substantially completely filling said reaction zone 

with an acidic aqueous solution suitable for affecting said 
reaction of hydrogen and oxygen; 

(c) providing in said reaction zone in contact with the 
aqueous solution a catalytically effective amount of a catalyst 
for the hydrogen-oxygen reaction and forming a reaction mixture 
by dispersing hydrogen gas and oxygen gas in the acidic aqueous 
solution in proportions that are above the lower flammability 
limit for hydrogen and oxygen at a temperature and pressure 
sufficient to result in the formation of hydrogen peroxide; 

(d) maintaining said reaction mixture at said temperature 
and pressure until the concentration of hydrogen in the reaction 
mixture has decreased to below the lower flammability limit for 
a hydrogen and oxygen mixture; 

(e) removing the resulting reaction mixture from said 
reaction zone; and 

(f , separating the resulting reaction mixture into a spent 

gas phase containing hydrogen and oxygen in a proportion below 
the lower flammability limit thereof and an aqueous solution 
phase containing hydrogen peroxide. 
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2. The process of Claim 2. including the step of: 

" a) continuous feeding said reaction zone with the 
aqueous solution. 

3. The process of Claim 3, including the step of. 

a, continuously feeding said reaction sone with hydrogen 
and oxygen at a point downstream from the agueous solution feed. 

r maim i Including the step of J 

4. The process of Claim 3, AI,CAUUA * 

., t «.al„, ..P«.t. -tr..». of o»y,.n .nd „ydro,.n to ..la 
reaction zone. 

s The process of Claim 5, wherein: 

a, said oxygen and hydrogen feeding step includes 
introducing oxygen at a point downstream from the agueous 
solution feed. 

6 The process of Claim 6, wherein! 

a) eaid oxygen and hydrogen feeding etep includes 

Mlnh downstream from the oxygen feed. 
Introducing hydrogen at a point downstre 

7 The process of Claim 5. wherein: 

a) said hydrogen introducing step includes feeding 
parogen at multiple points along said reaction zone. 

8 The process of Claim 5, wherein: 

a, said oxygen and hydrogen feeding step includes 
introducing oxygen and hydrogen substantially simultaneously. 
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9. The process of Claim 5. including the step of: 

a) moving said reaction mixture containing the aqueous 
solution, the catalyst, and hydrogen and oxygen through said 
reaction zone in a plug-Clow like manner. 

10. The process of Claim 3, wherein: 

a) said aqueous solution feeding step includes introducing 
the aqueous solution at a liquid velocity of from about 4 to 
about IB ft./sec. wherein the diameter of said reaction zone is 
about 2 inches. 

11. The process of claim 1, wherein: 

a) said step of filling said reaction zone with the 
aqueous solution includes forming a zone that is substantially 
free of a vapor phase. 

12. The process of Claim 1, wherein: 

a) said maintaining step includes maintaining said 
reaction mixture at said temperature and pressure until the 
concentration of hydrogen therein has decreased to a level below 
the lower inflammability limit of about 5 mole % for hydrogen 
based on the total residual hydrogen and oxygen content. 

13 The process of Claim 5, including the step of: 

a) combining said spent gas separated from the resulting 

reaction mixture with the separate stream of oxygen, and 

b, recycling the combined stream of spent gas and oxygen 

to said reaction zone. 

14. The process of Claim 5, including the step of: 

a) recycling a portion of the aqueous solution containing 
hydrogen peroxide separated from the resulting reaction mixture 
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to said reaction zone at a feed 7 point upstream from the oxygen 
and hydrogen feed points. 

15 . The process of claim 5, including the step of* 

a) recovering hydrogen peroxide from a portion of said 
aqueous solution separated from the resulting reaction mixture. 

16 . The process of Claim 15, Including the step of: 

a, adding a fresh supply of the aqueous solution to said 
agueous solution containing hydrogen peroxide separated from the 
resulting reaction mixture prior to recycling a portion thereof. 

17 The process of Claim 15, including the step of: 

a, separating from subsequent resulting reaction mixture 
an aqueous solution having a higher hydrogen peroxide content 
than the recycled portion of the aqueous solution. 

18 The process of Claim 15, including the step of: 

a, repeating for a predetermined number of times said step 
of recycling a portion of the aqueous solution; and 

b) separating from subsequent resulting mixture an aqueous 
solution having a hydrogen peroxide content of about 10-20% by 
weight of the aqueous solution. 

19 The process of Claim 1, including the step of: 

a, establishing said reaction zone having a predetermined 
length and feed and discharge ends; 

b, feeding the aqueous solution adjacent said feed end at 

a first flow velocity; 

c, feeding a stream of oxygen adjacent -aid feed end at a 

second flow velocity; 
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d, feeding a stream Of hyd^gen adjacent said feed end at 

a third flow velocity; 

e) coordinating said first, second and third Clow 
velocities with the length of said reaction such that the 
concentration of hydrogen at said discharge end of said reaction 
ZO ne is below the lower f lability lin.it for a hydrogen and 
oxygen mixture. 

2 „ . „ apparatu. for producing Mro,» peroxide fro. . reeotion 
of hydrogen and In .n agueou. solution that involve, using 

„ v drog.n and oxygen et feed ratio, in th. n_«. range, end 
snlch result, in .n effluent ge. stream containing ..reacted 
hy dro,.n end oxygen in concentration. o„toid. tH. fl.-»bl. 

limit., th. apparatus oomprlelngi 

„.otor meen. for effecting reaction cf hydrogen .nd 

oxygon to torn hydrogen p.roxid.1 

b , mean, for feeding en .cidio .gueou. solution to ..id 

reactor means; and 

„, moan, for di.per.ln, hydrogen .nd o,y,.n in the .gueoo. 
„l„tio„ in oo„ce„tr.tio„, f..t .re ebove tH. lover flemmabllity 
ll.it for hydrogen end oxygen et . temperetur. end pre..or. 
.ufficl.nt to r..olt in th. formation of hydrogen peroxide. 

21 The apparatus of claim 21, wherein! 

.aid reeotor ..an. inolud., »..ns for maintaining a 
mixture of th. agueou. solution, hydrogen and oxygen at .aid 
t ..per.ture and pressure until th. concentration of hydrogen n 
the mixture has decreased to helo. the loser f las-ability limit 
for a hydrogen and oxygen mixture. 
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22. The apparatus of Claim 22 "herein: 

said mixture maintaining means includes a plug-flow 
type of pipeline reactor having feed and discharge ends. 

23. The apparatus of Claim 23, wherein: 

a) S aid reactor has a length substantially greater than 

its inside diameter. 

2,. The ,pp.r.t«. of cf.i. 24. 

., th. ,..«t,. of ..ia «.o t or i. .bout » to .bout 

tine. It. inola. dl.oet.r. 

25 . Th. .PP.r.tu. I" =«. —«•■ 

th. longtb o, o.lo roootor 1. .bout 3S to .bout 

til... It. insia. dl.mot.r- 

2 6. Th. .pp.r.tu. of Cl.l. ». uhorcin. 

a) th. f.n,th of ..fa te.ctor i. -bout 25 to .bout 

times its inside diameter. 

n f claim 24, wherein: 

"• r *::;: ... » — — • ^ ot 

tro . lot so to .bout ,o.o foot - - -a. .< - 

about 1 to about 36 inches. 

, B The apparatus of Claim 24, wherein. 

" . x..,th of ..fa t..ot„t f. ft.» -ut ,o, to -ut 

l500 L .na .o in.Xa. — of ft., .bout , to » inoh... 
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29 . The apparatus of Claim a^wherel.u 

a) the length of saia reactor la from ahout ,00 to aoout 
120 0 feet ana an inaiae aiameter of from ahout e to aoout IB 
inches* 

,0 . The , P p.r.tu. of Claim 21. wherein. 

„ ..la hyarcen ...a o,„an ai.p.r.in<, ...» Inclua.. 
..... for Introauoln, ,„aro,.n ..a o«„an .t . Point ao.natr.aa 
of the aqueous solution feea. 

31 . The apparatus of Claim 21. wherein: 

a „d oxvoen aispersing means incluaes 
a) saia hyarogen ana oxygen « *> 

f „r introaucing hyarogen ana oxygen, 
first ana seoona means for introaucx g 

■spectively. 



re 



. .._ „ f claim 32, wherein: 
_ for ».alo, .* a point ao.oa.aa. of 

a) saia temperature is in tlie r * 



50*C. 



3, . T.,a .PParata. of claim ... — »- 

a) tl.. conc.ntr.tlon of hyaro„.n ral.tlv. 
.^Of H,ar..n - o,„.n alapataaa In J""- 
co rr.apo»aa to .toat . to 1, mola . of tH. tot « 
conc.ntr.tl~. of -yarc.n In t„. affl-ant ,.. atraam 
about 5 mole *• 
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« TM .pp.r.tu. ol clata 11. «h.r.lni 

' ^ „ and oxyo.n alapar.- 1" «r— 'o 1 """" 

.^unt of hydro,an and oxy,an P eoncentratl „„ of 

cor ra.po„d. to ..oat . to ,0 - 4 , 

by dro,an in t.,a affl-ant ,.. *■ — th> " 

». T ha proo... of OU. ». — — „ 
., th. cono.ntr.tXon of hydro,... In th. .ftl"" 

less than .bout 4 nolo ». 

37 . The apparatus o, Claim 33, and 1— 

... - collecting ana aeP^a * ^ ^ 

mix ture into vapor and aqueous phases operaoly 
discharge end of said reactor. 

, 38 and including! 

Th. apparatu. of claim ». ooll .ctln, and 

., ...„. opar.h.y oonn.ot.d to """" 

..par.tln, - - — — — " ""^ " 



aqueous phase 
39 



«f riiilni 2L wherein: 
The apparatus of claim orga ,.ic 

• ..Hon is substantially free 
a) the aqueous solution is s 

components. 

in tha .q».ooa .olatlon .r. .«oh P 

- • r r:r:.:;:r : — - - — - - 

said reactor. 

* ,,1-1™ in and including! 
42 . The apparatus of Claim 38, ant. 
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43. The process of claim 3, wherein: 

a) said aqueous solution feeding step includes introducing 
the aqueous solution at n liquid velocity of from about 12 to 35 
ft/sec, wherein the diameter of said reaction zone is about 12 
inches. 
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